Introduction
Integrated and organic farming systems are alternative farming methods developed to reduce the environmental and human health impacts of conventional farming systems (http://www.mkgp.gov.si/en/). The integrated system aims to minimize the use of technical means normally adopted by conventional agriculture. Chemical fertilizers are thus applied in doses and times and with distribution techniques that take into account the real needs of crops and weed, pest, and disease control strategies based on integrated pest management are performed (EurLex, 2014) . Integrated farming uses techniques such as integrated pest management of balanced nutrient supply and improved conventional agriculture to such an extent that it may appear unnecessary to strictly ban pesticides and mineral fertilizers as required by organic standards (Phatak, 1992) . The organic farming system relies on crop rotations, crop residues, animal manures, off-farm organic wastes, mechanical cultivation, mineral-bearing rocks, and aspects of biological pest control to maintain the soil and its tillage, to supply plant nutrients, and to control insects and weeds (Reganold and Wachter, 2016) and exclude the use of inorganic fertilizer and synthetic pesticides (Soltoft et al., 2010) . In recent years, organic farming has gained popularity due to an increase in consumer demand for organically grown foods and the desire of growers to sustain and improve the soil (Dimitri and Oberholtzer, 2009 ). An advantage of the organic farming system is increased organic matter levels in soil, which beneficially affects the aggregation of soil particles (Mader et al., 2002) . On the other hand, with an integrated farming system, the application of mineral fertilizer can compensate for less desirable soil conditions such as insufficient soil organic matter (Rosen and Allan, 2007) . In previous reviews, data about the impact of the growing system on yield and quality have shown conflicting results (Bourn and Prescott, 2002; Rosen and Allan, 2007) . Supporters of organic agriculture claim that organically grown food contains more phytonutrients, which contribute to the natural defense ability of plants, compared to conventionally grown food, which lose their natural resistance due to the use of synthetic fertilizers and pesticides. Opponents of organic farming, on the other hand, claim that organically grown vegetables contain fewer phytonutrients due to the poorer availability of nutrients, although they contain more defensive secondary metabolites, which can be harmful to health in large amounts (Brandt and Molgaard, 2001) . In an organic farming system, plants are often exposed to infections and pests that cannot be suppressed efficiently due to the poor offerings of approved pest control products (Maggio et al., 2013) . The abovementioned stress conditions affect the production of polyphenolic compounds, especially flavonoids and phenolic acids, which in small amounts have been proven to have a beneficial effect on humans (Mizrahi et al., 2009) .
Carrot (Daucus carota L.) is an important root vegetable, the consumption of which, both fresh and processed, has tended to increase (Gajewski et al., 2009) , mostly due to the simple cultivation technology, excellent storage properties, wide range of culinary uses, and numerous health benefits (Goncalves et al., 2010) . The main components of raw carrots are soluble sugars, which contribute the largest part of the dry substance (Suojala, 2000) , and carotenoids, which determine carrots' typical color (Smolen and Sady, 2009) . Phenolic compounds contribute to sensory properties such as color, flavor, and bitterness (Goncalves et al., 2010) . Despite the presence of some reports available on metabolite synthesis (Zhang and Hamauzu, 2004; Taylor and Ramsay, 2005; Stange et al., 2008) and the impact of genotype (Nicolle et al., 2004; Karkleliene et al., 2012) , environmental factors (Chugahuja et al., 1993; Suojala, 2000) , growth stages, and morphological structures (Wang et al., 2015) , as well as technological measures (Soltoft et al., 2010; Paoletti et al. 2012; Singh et al., 2012) , few details are known about changes in the chemical profile of carrot taproots, especially in relation to the effects of the farming system as a whole.
The aim of this study was therefore to evaluate the effects of organic and integrated farming systems as a whole on the chemical composition and some morphological traits of carrot taproots of three carrot cultivars. Phenolic acids, carotenoids, sugar, and acid components were evaluated and compositional data analysis was carried out in order to determine the composition of sugars and carotenoids.
Materials and methods

Experiment
Carrot taproots were collected in 2011 and 2012 from two experiments, which were conducted from May to September in two successive years, in the experimental field of the Biotechnical Centre Naklo in Strahinj, Slovenia (46°17′N, 14°18′E; 422.6 m a.s.l.), on which production of vegetables has been carried out under certified organic and integrated management for more than 10 years. Measures in the integrated farming system were taken in accordance with integrated pest management guidelines (Eur-Lex, 2014 , and nutrient amount in kg ha -1 ), and plant protection measures are presented in detail in Table  1 . In both years, three carrot varieties (Fanal, Rodelika, and Rolanka) were cultivated in two farming systems (organic and integrated). Fanal is a variety with a long and blunted shape, smooth skin, and a sweet-tasting taproot, with an intensive red color and small, uniformly colored phloem tissue. Its growing period is around 140 days. Rodelika is a variety bred from the variety Rothild and has a long, blunted, and smooth-skinned taproot with an intensive red color and a sweet, aromatic taste. It is very good for storage and industrial cultivation. The growing period is 140-150 days. Rolanka is a variety with medium to long smooth-skinned taproot, a cylindrical shape compared to Rodelika, and a more rounded shoulder and even deep-orange exterior color throughout the taproot with a sweet, aromatic taste. The growing period is 140-160 days (Reinsaat, 2016) . Organic seeds were used for the experiments, so the requirement of the organic farming system on using seeds of organic origin was met (Eur-Lex, 2007) . Soil chemical analysis, which was performed 14 days before the sowing date in 2011 and 2012, showed much higher levels of P and K and also higher organic matter levels in plots on which the organic farming system had been applied in comparison with the soil under integrated farming cultivation. Nitrate nitrogen was analyzed three times per year (before the sowing date, in the middle of the growing period, and immediately after the yield was harvested) ( Table 1 ). The soil conditions of organic plots were mostly a consequence of frequent application of organic manure, required for the organic farming method, while in soil on which the integrated system was applied, organic manure was applied every 3 years, in relation to a three-course crop rotation. In view of the fact that less desirable soil conditions can apparently be compensated by the application of mineral fertilization (Rosen and Allan, 2007) , higher amounts of nutrients were applied in integrated treatments than in organic treatments in order to achieve a similar yield.
Sampling and measurements
In both years, seeds were sown on raised beds at a plant density of 0.2 m × 0.05 m (plant density 1,000,000 plants ha -1 ) at the beginning of May. The carrot taproots were harvested at the beginning of September. Immediately after harvesting, six carrot samples were randomly collected from the three middle plot rows and transported to the laboratory for further morphological and chemical analysis. The lengths of the taproots were measured and weighed on high-precision Kern EW 600-2M scales; the shoulder of the crown was measured in diameter and in the width of the xylem and root diameter, using a Powerfix Profi Electronic Vernier Caliper, and the phloem/xylem ratio was calculated. Marketable carrot yield (UNECE Standard FFV-10) was measured and expressed in t ha -1 . The extraction of individual carotenoids, vitamin C, individual sugars, and organic acids, as well as individual phenolic compounds, was performed immediately after morphological measurements to prevent pigment degradation.
Weather conditions
Meteorological data for the growing periods of the experiments conducted in 2011 and 2012 were taken from the Brnik meteorological station in Slovenia (363 m a.s.l.; 46°13′28″N, 14°27′21″E), which is 12.37 km (air distance) from the experimental field. The average air temperature in the research area for the 1981-2011 reference period was 16.8 °C and the mean annual precipitation was 1363 mm, measured at the same meteorological station. During the growing period, mean air temperatures were above the 30-year average by 1.38 °C in 2011 and 1.62 °C in 2012, with the greatest increase in September 2011 of 3.2 °C and August 2012 of 2.6 °C. Precipitation was below the 30-year average, with the greatest shortfall in September 2011 (49% below average) and in July 2012 (43% below average), while precipitation in July 2011 and in September 2012 were 20% above the 30-year average.
Chemicals
The following standards were used for quantification of sugars, organic acids, carotenoids, and phenolic compounds: Fluka Chemie (Buch, Switzerland): glucose, fructose, sucrose, citric acid, p-coumaric acid; SigmaAldrich (Steinheim, Germany): pyruvic, fumaric, ascorbic and chlorogenic acids (5-caffeoylquinic acid), α-carotene, and β-carotene; Roth (Karlsruhe, Germany): malic and ferulic acid. Methanol for the extraction of phenolics was acquired from Sigma-Aldrich. For the individual carotenoid analyses, ethanol, hexane, and sodium chloride were purchased from Sigma-Aldrich. In the mobile phase for determination of carotenes, ammonium acetate was purchased from Fluka Chemie. Formic acid and HPLC-MS grade acetonitrile from Fluka Chemie were used for the mobile phase. The water used in sample preparation, solutions, and analysis was bidistilled and purified with the Milli-Q Millipore Direct 8 system (Merck Millipore, Billerica, MA, USA).
Extraction and HPLC analysis of carotenoids
Carotenoid extraction was conducted according to the method previously described by Wright and Kader (1997) .
Briefly, 1 g of finely grated carrot was added to roundbottomed centrifuge tubes, which were wrapped with aluminum foil to prevent light access; 0.1 g of MgCO 3 was added to neutralize the acids and homogenized with 5 mL of cold ethanol for 2 min using a T-25 UltraTurrax, (IKA Labortechnik, Staufen, Germany) at 8500 rpm. Eight milliliters of hexane was added and the sample was homogenized again for 2 min at 8500 rpm. The homogenate in tubes was then centrifuged for 4 min at 9000 rpm and 4 °C (Eppendorf Centrifuge 5801R, Hamburg, Germany). The hexane layer was transferred to a Büchi flask with a pipette, flushed with nitrogen, sealed, and kept in the dark. Five milliliters of saturated NaCl was added to the contents of the centrifuge tube and stirred gently until homogenized, after which another 8 mL of hexane was added to the mixture and homogenized for 2 min with the Ultra-Turrax at 4000 rpm. The steps of tube centrifugation and hexane layer separation were repeated three more times (until the colorless phase of hexane appeared), with the extract added each time to the previously collected one. During the extraction phase, dimmed light conditions were applied. The combined hexane extracts were evaporated to dryness in a rotary evaporator at a temperature never exceeding 25 °C. The solid phase of extract was dissolved in 4 mL of petroleum ether and filtered through a 0.20-µm polyamide Chromafil AO-20/25 filter (Macherey-Nagel, Düren, Germany) into an amber vial. High-performance liquid chromatography (HPLC) analysis was based on the method described by RodriguezAmaya (2010) . For analysis of individual carotenoids, the Thermo Finnigan Surveyor HPLC system (San Jose, CA, USA) was used, with the diode array detector at 450 nm. The elution solvent was a methanolic solution of ammonium acetate (3.84 g L -1 ) (A) and 100% acetonitrile (B). The samples were eluted according to a linear gradient: 5% B (0-25 min), 50% B (25-26 min), 100% B (25-36 min). The injection amount was 20 µL and the flow rate was 1.5 mL min -1 . The Phenomenex Gemini C18 column (Phenomenex, Torrance, CA, USA) was maintained at 24 °C. The compounds were established by comparing retention times and UV spectral features of individual compounds, as well as by adding an external standard. All compounds were identified by HPLC-MS (ThermoScientific, LCQ Deca XP MAX) with an electrospray interface (ESI) based on positive ion mode. The analyses were carried out using full-scan data-dependent MS n scanning from m/z 160 to 1250. Identical conditions and solvents were used for both HPLC analyses.
Extraction and analysis of sugars and organic acids
The carrot taproot was finely chopped and 10 g of fresh weight was immersed in 50 mL of double-distilled water and homogenized with the T-25 Ultra Turrax (IKA Labortechnik) for 1 min at 9000 rpm. The samples were left for 30 min at room temperature, with frequent stirring. The extracted samples were centrifuged at 10,000 rpm for 6 min at 4 °C (Eppendorf Centrifuge 5801R, Hamburg, Germany). Supernatant was filtered through a polyamide Chromafil A-20/25 filter (Macherey-Nagel) into vials and analyzed according to the method described by MikulicPetkovsek et al. (2007) using HPLC (Finnigan Spectra System, Thermo Scientific, Waltham, MA, USA). The method of external standards was applied to calculate the concentration of organic acids and sugars, which was then presented in g kg -1 of fresh weight.
Extraction and analysis of ascorbic acid
Carrot roots were chopped with a ceramic knife into small pieces and 2.5 g of the fresh weight was immediately immersed in 5 mL of 2% metaphosphoric acid and ground thoroughly in a ceramic mortar. The samples were left for extraction on a shaker for 30 min at room temperature and centrifuged at 10,000 rpm for 5 min at 4 °C (Eppendorf Centrifuge 5801R). The supernatant was filtered through cellulose Chromafil A-20/25 filters (Macherey-Nagel), poured into a vial, and analyzed using HPLC (Thermo Scientific Finnigan Spectra System) as previously reported by Mikulic-Petkovsek et al. (2012) . The concentrations of ascorbic acid were calculated with the help of the corresponding external standard and expressed in mg kg -1 fresh weight (FW).
Extraction and analysis of phenolic compounds
Extraction of phenolic compounds was carried out according to Mikulic-Petkovsek et al. (2012) with some modifications. Eight grams of finely chopped carrot roots was immersed in 10 mL of extraction solution (methanol containing 1% (w/v) 2.6-di-tert-butyl-4-methylphenol (BTH) and 3% (v/v) formic acid) and extracted for 60 min in an ultrasonic ice bath. Samples were then centrifuged for 7 min at 9000 rpm. The supernatant was filtered through a 0.20-µm polyamide Cromafil AO-20/25 filter (Macherey-Nagel), transferred to a vial, and injected into the HPLC system. Phenolic compounds were analyzed on the Thermo Finnigan Surveyer HPLC system (Thermo Scientific) with a diode array detector (DAD) at 280 nm (hydroxycinnamic acid derivatives) according to the chromatographic condition as was previously described in the study by Mikulic-Petkovsek et al. (2012) . All phenolic compounds were identified by an HPLCFinnigan MS detector and an LCQ Deca XP MAX instrument (Thermo Finnigan, San Jose, CA, USA) with ESI operating in negative ion mode. The analysis was carried out using full-scan data-dependent MS 2 scanning from m/z 115 to 800 and the concentrations of phenolic compounds were calculated from peak areas of the sample and corresponding standards and expressed in mg kg -1 fresh weight (FW).
Statistical analysis
Experiments were treated as split-plot design two-factorial experiments in four randomized replications. Since the results obtained in two successive years of research were comparable, they were recorded as mean values of a 2-year study. In both years, the main factor, 'farming system' , had two variables, organic farming (ORG) and integrated farming (INT); the second factor (subfactor), 'variety' , had three variables (Fanal, Rodelika, Rolanka). The data were analyzed using a general linear model (GLM) procedure. Contrasts were performed to determine significant differences between means where necessary. The average structure of sugars and carotenoids was analyzed using compositional data analysis (PawlowskyGlahn and Buccianti, 2011), since the sugars were treated as a composition of three components (fructose, glucose, and sucrose) and carotenoids as a composition of two components (α-and β-carotene). The relative response of each to the other was also analyzed using isometric log ratio transformation, with a balanced partition of components. Two ilr coordinates were considered, the first (ilr1) expressing relative amounts of fructose against glucose and β-carotene against α-carotene and the second (ilr2) the relative amount of sucrose against the geometrical mean of fructose and glucose. GLM was used to analyze the impact of farming system and variety, their interactions with those two ilr coordinates. Statistical analysis of the data was performed using RCommander 2.13.1 (RDC Team, 2011) .
Results
Average values for yield in both years and visible traits of three carrot varieties, which were grown in ORG and INT systems, are presented in Figure 1 and Table 2 . For the carrot yield, ANOVA showed a significant impact of tested farming systems. Yield from the ORG system was higher with all three varieties than the yield from the INT system, although the differences were significant only for Rodelika and Rolanka.
Changes in all measured morphological characteristics of carrots, except the phloem/xylem ratio, were found to be genetically dependent and influenced by ORG and INT systems (Table 2) . With the variety Fanal, the ORG system significantly increased the values of all measured traits compared to the INT system. With Rodelika and Rolanka, only aboveground weight was affected significantly by the farming system, reflected in increased aboveground weight in the INT system compared to the ORG system. Cultivar significantly affected glucose and fructose, while for sucrose and total sugar content, the effect of cultivar was marginally statistically significant (P = 0.0522), but farming system had no significant impact on sugar components (Table 3 ). The relative content of sugar components was analyzed using an isometric log ratio transformation of the three-part sugar composition, giving two ilr coordinates. Genotypic effect was revealed in greater ilr 1 for roots of Fanal compared to the other two cultivars. The relative amount of sucrose against the combined amount of fructose and glucose (ilr 2 ) was higher for carrots from the ORG system compared the INT system and higher for samples of Rolanka compared to Fanal (Table 3) .
Four organic acids were detected in the carrot roots: malic acid was the major one and pyruvic was the second most prevalent, followed by citric and fumaric acids (Table  4) . Data for malic acid showed a statistically significant increase in carrots from the ORG system compared to INT for all tested cultivars. For pyruvic and citric acids ANOVA showed significant differences between cultivars, with the highest concentration of both acids in roots of Rodelika. Fumaric acid content differed significantly only in roots of Rodelika, in which a higher amount was found in carrots from the ORG system than the INT system. Vitamin C detected in the study was significantly influenced by the farming system (Figure 2 ). Comparing farming systems in general, averaging across cultivars showed a statistically significant increase in average vitamin C content in carrots from ORG compared to carrots from the INT cultivation system. Two carotenoids were detected in our samples, α-carotene and β-carotene, and both were significantly affected only by variety (Figure 3 ). ANOVA showed a statistically significant lower content of α-carotene and β-carotene in roots of Fanal compared to Rodelika. There were no significant differences in α-and β-carotene content in carrots from the INT and ORG systems. For a more detailed analysis of the effect of cultivar and farming Values are given as mean ± SD. Different letters in columns indicate statistically significant differences (Duncan test, P < 0.05) in morphological traits according to variety, farming system, or combined effect of variety × farming system. Factors or their interactions are significant at *** P < 0.001, ** P < 0.01, * P < 0.05; n.s. -not significant. Values are given as mean ± SD. Different letters in columns indicate statistically significant differences (Duncan test, P < 0.05) according to variety, farming system, or combined effect of variety × farming system. Factors or their interactions are significant at ** P < 0.01, * P < 0.05; n.s. -not significant.
# ilr 1 -First coordinate of isometric log ratio transformation, 0.707 ln(fructose (%)/glucose (%)).
## ilr 2 -Second coordinate of isometric log ratio transformation, 0.816 ln(sucrose(%)/g(fructose(%) glucose (%))), g() presents geometric mean.
system on the structure of carotenoids, we analyzed the relationship between α-and β-carotene (β-car/α-car). A higher ratio of β-car/α-car was detected for carrots gathered from the INT system (1.9) compared to ORG systems (1.7), but the difference was not significant.
Among phenolic compounds, four phenolic acids (Table 5) belonging to the hydroxycinnamic acid group were confirmed in our samples. We identified and quantified chlorogenic acid as the major one, followed by ferulic acid derivative, 5-p-coumaroylquinic acid, and feruloylquinic acids as the minor phenolic acids. Ferulic acid derivative and 5-p-coumaroylquinic acid concentrations varied significantly in relation to cultivar, which was revealed by lower concentrations of those acids in the carrot samples of Fanal and Rodelika compared to Rolanka.
Discussion
In an organic system, yield is reportedly 10%-20% lower than in conventional or integrated systems (Ponisio et al., 2015) . Such yield reduction is mainly due to the scarcity of genotypes adapted for this system, as well as stressassociated effects, such as pest outbreaks and nutritional imbalances, which may impact organic crops more than conventional crops (Dorais and Alsanius, 2015) . Such a finding was not confirmed in our study, in which yield ranged between 42 and 44 t ha -1 for the ORG treatment and between 37 and 40 t ha -1 for the INT treatment, which was within the carrot yield range (28-61 t ha -1 ) reported in European countries (http://ec.europa.eu/ eurostat). Although yields in organic farming are usually limited by nutrient supply and diseases, it is suggested that an organic system tends to be more efficient than conventional or integrated systems, presumably as a result of enhanced microbial activity or because of a build-up of organic nutrient pools (Dimitri and Oberholtzer, 2009 ). Increase in carrot yield from the organic system could also be attributed to the selection of appropriate varieties Values are given as mean ± SD. Different lower case letters in columns indicate statistically significant differences (Duncan test, P < 0.05) according to variety; different capital letters in columns indicate statistically significant differences according to farming system. Factors or their interactions are significant at ** P < 0.01, * P < 0.05; n.s. -not significant. (Fanal, Rodelika, and Rolanka) tested in our study, which were intended mostly for organic cultivation. It has been reported that varieties usually used in organic farming are genetically more resilient and tolerant to environmental constraints than varieties intended for conventional cultivation (Maggio, 2013; Orsini et al., 2016) . On the other hand, fertilizers used in organic farming typically provide nutrients in a form less readily accessible to plants than synthetic fertilizer; therefore, they tend to act as slow-release fertilizer, providing a more regular and homogeneous supply of nutrients throughout the growing season (Gutser et al., 2005) . The long history of organic management in the experimental plot could partly explain our results of higher yield in the ORG system compared to ) in carrot roots for tested cultivars from organic (ORG) and integrated (INT) farming systems in two growing seasons (2011) (2012) . Rolanka ORG 4.7 ± 0.9 3.3 ± 0.7 1.7 ± 0.4 1.5 ± 0.4 11. Values are given as mean ± SD. Different letters in columns indicate statistically significant differences (Duncan test, P < 0.05) in individual and total phenolic acids according to variety. Factors or their interactions are significant at * P < 0.05; n.s. -not significant.
the INT system. The increased levels of NO 3 -N in plots of the organic system measured during the growing seasons and decreased levels in plots of the integrated system also confirmed the abovementioned statements (Table 1) . Changes in sugar composition may have been a result of the conversion of glucose and fructose to sucrose or the hydrolysis of sucrose to monosaccharide forms, which is usually dependent on the biochemical requirements at specific developmental stages (Krook et al., 2000) . In our study, the trends in sugar content and composition followed the general patterns reported in previous studies (Rosenfeld, 1998; Karkleliene et al., 2012) . At harvest, glucose and fructose levels showed a decreasing trend in taproots of Fanal and Rolanka carrots from the INT system compared to the ORG system, and the opposite results were found for taproots of Rodelika (Table 3 ). In addition, a significant impact of farming system on sugar composition was also determined as revealed in a higher sucrose/hexose ratio (ilr 2 ) for carrots from ORG plots (0.33) compared to the INT plots (0.30). This corresponds with the findings of Bavec et al. (2010) , who observed a trend of higher total sugar content in roots of red beet from an organic system compared to conventional, integrated, and control (nonfertilized plots) production systems. The effect of diversified nitrogen fertilization on the chemical structure in carrots has already been evaluated by Smolen and Sady (2009) . They pointed out that, in addition to nutrient application, variable soil conditions in combination with climatic conditions considerably influenced sugar concentration.
Vegetables, in general, contain low amounts of organic acids although these compounds influence the organoleptic characteristics of fruits and vegetables, mostly their flavor (Wang et al., 2008) . Significantly higher values of malic acid and total organic acid were measured in carrots from the organic system in comparison to samples from the integrated system, which is partly in accordance with findings of previous studies, where higher values of malic acid were measured in organically cultivated maize and blueberries (Wang et al., 2008; Röhlig and Engel, 2009) . The taste and flavor can be described by the sugar/ acid ratio, which is defined as the total sugar content compared to the total acid level (Mikulic-Petkovsek et al., 2012) . This index is an important measure for carrot roots, since it influences the perception of sweetness, which is an important carrot characteristic from consumer and processing industry points of view. In our study, the sugar/acid ratio differed in relation to the farming system, with a higher ratio for carrots from the INT system and lower ratio for the ORG system. The sugar/acid ratio also differed among the cultivars, with the highest ratio for the carrots of Fanal, followed by the taproots of Rodelika and Rolanka.
Although vitamin C is essential in all vegetables, carrot is not an obvious source of it. In our study, the vitamin C contents in the carrot roots ranged from 7.4 to 9.5 mg 100 g -1 FW, which are much higher values than those reported by Nicolle et al. (2004) and Singh et al. (2012) , who ascribed the low vitamin C content in their samples to a particularly wet harvest season. The high vitamin C content in our samples might therefore also have been a consequence of relatively warm weather in 2011 and 2012, in which average temperatures exceeded the long-term average by 1.4 °C and 1.6 °C, respectively, and precipitation was nearly 20% less per year. The genotypic impact on vitamin C content in carrot root that was previously reported for dark purple, dark orange, and yellow root varieties (Nicolle et al., 2004; Singh et al., 2012) was not confirmed in our study, in which all tested varieties were orange-colored carrots. In spite of the fact that reports of the vitamin C levels in organic and conventional foods have not been consistent (Bourn and Prescott, 2002) , in our study, roots of all varieties from the organic system had significantly higher levels of vitamin C than those from the integrated system ( Figure 2 ). Carrot storage roots are a rich source of carotenoids, which not only determine root color but also affect the perception of carrot taste and flavor, which influence consumer preference (Alasalvar et al., 2005) . In our study, the carotenoid content varied among cultivars and farming systems and ranged from 9.2 to 23.2 mg/100 g FW, in accordance with results previously described in the literature (Nicolle et al., 2004; Singh et al., 2012) . The main pigments of orange carrot are α-and β-carotene, which was also confirmed in our study, although their composition was not influenced by genotype, as was reported by Nicolle et al. (2004) , who tested cultivars with colored roots and differences among them arose from differences in carotenoid structure.
Since cultivation methods that utilize high levels of pesticides and fertilizers can result in a disruption of the natural plant-defense metabolites, we expected higher levels of secondary metabolites in organically grown carrots than in those from the integrated farming system. Reviews of the literature have shown inconsistent differences in the nutritional quality of organically and conventionally cultivated fruits and vegetables (Bourn and Prescott, 2002) , which might be a result of variations in cultivar selection and growing conditions and the methods of sampling and analysis. In our study, consistently higher levels of chlorogenic acid, detected as the major phenolic acid, in organically grown carrots compared to carrots from the INT system were found, but the differences were not statistically significant. The levels of ferulic acid derivative and 5-p-coumaroylquinic acid, as the second and the third prevailing acids, were influenced by variety, with higher levels of both acids in Rolanka compared to other varieties. Smolen and Sady (2009) showed that nutrient application, regardless of the form of fertilizer (organic or mineral), caused an increase in phenolic compound levels in carrot roots compared to plants from unfertilized plots.
Our results provide the specific chemical composition and morphological traits of yield of three carrot cultivars from organic and integrated farming systems. For further analyses, mineral content levels in soil and plants could be included in the study and, with the evaluation of the nutritional status of the crops, could contribute to improved management systems as well as the biochemical profile.
